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The Optimal Design of SAW Filters with Arbitrary Frequency Characteristics
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Abstract

This paper presents the optimal design method of SAW filters with arbitrary frequency characteristics.
The design program using the unconstrained nonlinear optimization method and FFT algorithm is developed
for optimal design of SAW filters with arbitrary frequency characteristics. As a design example, a SAW TV
IF filter with asymmetric-amplitude and nonlinear-phase frequency characteristics is designed.

1.ME

FHFE BE F WA F ol oj8dh %

Fog Gole) ERERY 3L 5 milA ¢

18859 RayleighZo] EWETHSAW: Surface ipojm YHFHZ 7¢2 4A 9€ F & a7l
Acoustic Wave)7t “ﬂ"‘el CR R 19673 ERETHE 44 AN BET £ e
&8 29 F oo tig B A7/ oJFA £2%,  IDT(Interdigital Transducer)d $HoE ddET B
£3) A 20d ¢ 2 %%%@ﬂ A%3 HWolzth  guwn ojug xdAM, TAY], wAy] ol Wiy
ddoz gHgset #E F W2 AARE so N3y 229 Al §olaA HYh oY@

=

H
& Agsts szA, 2 dFo) AR FHAE ¥ guwes 2x45e AzsEY %7 Hpiezoelectric

8

oz AfHor gaste] R L AR A gubstrate)e V8B shi=u a2 TAZE LINLO,,
wm & stgolel Bl & BT o H7} 740, Gads, 49 Fol g
d¢ oeh ot of FUYHE WHANYOEA F mhe 44 wgos: 2 Jve Ass
%%*3-% A4 248 5 Aok ol dBEEE AN (windowing) W, WY L= (building block) 34,
p

walA gkl g =¥ 1~10km/s FEOIW, AHE w4 gEe wd HHs vy So 9ol Ay

B - o2

ddsh Yl E Y ALY W o4 doly AXY B
« AR AAATER e F3%E A HE}WE el dao] ztolof g} o
(School of Electronic and Electrical Engineering, #du oflE AF HSFE Fold Helude] Fol ¥
Kyungpook Nat'l University) AN Yot 23S EHL AL 4 QA HArh g

¥ B AFe gIneguy 959 SHAT A . e wmap = =
A7n A9 98 =958, A AF AAE Bd Fo7 B4 4484 IDT
<HeUA 1996 3¢ 299> g AIFFE B A Fob & Ao} 3} HY A

,81-



[\V]
&£
4
ot
o
of
£
£
o}
2

A e WA AEH 48 44 295 54L 2
Zeo og 4% A 2EY wgR A2 wg
8 94 F54 S4S 2= FHO od HAF 47
oz Ye 4 9ok B AFdNE JEY uy
3 AL uAY 94 #5344 EAY NTSC TV IF
Bejg 2e e Fo4 S4S FE E¥ULT U

2.IDT9 24

IDTY o=
it e ¥

el 2d JEA 2d 5 o
AT E Mason S7H3 288 o

2 % 9 982 BYg Agagn o 249 AR
Foliel v 4e 19 13 2ol Ueg & glon
FWeste 45 Y5 e 2o] FolAn

a,(f) =\ ful £y [8(t+1/45,) — 8(¢t—1/4f)] (1)

A7N f, = v/2L,0lZ, vE FHLHY &£Xo|n,
foE QAR ste IDTY FAF 5ol
A (1)%& Fourier ¥ &3 H

A (f) = 2V £l f, sinlxff2f,) (2)
ol gt @ IDTY Fas $7L

—2%fxal v (3)

H() = A9 Z,hm)e

2 FolAth A7IM, M(n)d YEX FTS
Ao AR Zdold vl#HE}

Z, DT

113
Sn
= ¥ —
¥a PIEZOELECTRIC
SUBSTRATE
Lo=2Sn =14 A

a. (1) I

|

23 1 IDTY QB2 2dS Yehfls 99 4.
Fig. 1. Unit cell representing impulse model of IDT.

_82_

BN 7= 948 DT
%% IDTZ a¥ 29 2ol
48k Apodization® IDTSF ¢Y% IDTE 749
& $EHE Uiy 22 gz
A

H(f) = H{f)H,(f) exp(—juwr) )

~
rr
2
b o
=3
ox

+9S Fr2 ZAA(group delay)] Aoz
71 @tAl su, dANAE nsA otk A} o
Hu F IDT Atele] Z3& UF 2A &9 sjddy
ol AXNZ £ BUEI AHA 4o Frlele wH

h(t) = 2h,(t)cos2af,t) + 2h,(t)sin@xf,f) (5a)
W) =
2043 (t)+hq(t)]C05[27rfot tan_](h () h(tN)]
(5b)
Absorber  Input Dumy electrodes gy g
. ‘ T
~ ~ ;
\ JU {4 13\\
bl £ { _#_“\ 4
Geomé <lectrode Output 2 Sororber
I_ {'ESLE_ 13N : oy 480 ﬁ‘} I

Mirror polithed surface

= F It Sp— — F:]‘,f‘.\ L
! | b . } L
o Pused quertz TL !

a9 2. SAW ZHe| F FA.
Fig. 2. Chip configuration of a SAW filter.




oA71A R (8), k(¢ -phase, guadrature

A gdLs dH2
Zol(IDT weighting) 2
£ 39 A1)y =
F o 4 (Ga)g
F cos{wpt)st sin(wyt)?t 424 +149 o
gaof shed ole H7F Afpel A2
4 sttt 4 (GbyE
cos[2nf,t—tan "M h (D /()] = £1

& 7}

AN

bl

E
K3
E)

o0& W R e

¢

Lo
o

=

AEY F

2270]
BEY F357F 200
A @A Hol Auw
o714 v

e
s

@

%
4f, 2 S
Unapodization® ¢8 10T ¢
2
him) =

m
m
Apodization® £9 IDTY 92
A unapodization® 9U¥ IDTY
oo 7o dBA S hln) 2
Erdde lEn Holdlde & v sy -’?4
Zolop 3t} 8 IDTH £ IDTY
2+zk th g3} o] Folz

Z ]
T

L D
=
o,
=

H{(S)

It

— M- - Brfete
D sin(4f) 2, hilm)e
@

H,(f)

& - Rl
VT sin(fl4f;) E;ha(n ye TR

® BE Y Fos

ol

o
5]

N
rlo

H(f) = 4sin (nfldfy)e =" Zg;; (Yo 2

NE b (e P

=A(f)e/‘8(f)

=R(f) + iX(f) (8

3

7 DTS HAA HAtelo] Ag
. A% &fF)E FFTE

=
fuy

H(k) = 4sin*(nk/L) Ai;hi(m)e — 2k L

N=1
2—;0h°( n)e AL

= A(R)e™™
= R(K) + jX(k) ©)

A

“

ot

A

KR
T

g, 7|4 L& FFTY Zojold, dgsf
A7t St

d)

m

w

i A

45 (10)

&
L
4. EUHZT HEjo HX3 My

9 T-’Jr'r
Kodama®l 46“ Aotgl
of ¥hici e Hxd debn
FRA9E £, =04
%3}04 94

g

o
FAE

+& 9 HF3y
3o} ol: HAs=
st £3 o] gl
AME ERNAY S baseband® ©|F3}
AA vt2 HHHHPG ol AFEY
Aol lojA AR zko] Bo] o B

o %3} Bite 24
e =

&

=

baseband® o]

¥t F3t
ol deF AMA

Fr

5
5

u_+

r&-?.i
—H

o e

Ty

1y

3
[
i
rBL .19,

=

s

@on

-}
¥
&

fd
r4

)

A9 ¢

A7 A A o)
SEEIEEES

HFAL g3 2ol Foluc

R
s4g

AZ 77
FAF AfD)  frEFy
Bag s Af) : /e Fy
g 0 AL(f)): e Fu
4% #4
LU 6(fp) : fLEFp



4 BNE &9, f4d
& AZFAY 27 )3} 5

o 7] A FA,‘Fu, F;< AZRAY % al,% {){, n > wL[Mzn( L If((f;)) _2)_1] an

e HAE FAE 4o, Fpr #474S ne

7]'21—‘57323}-? dolt} ol & UHY o}ij:j 4t Ag szl e penalty $5E FFa

o] A o) =2

jox?xg_‘; :];ﬁ:;‘ao u]z‘iﬁ—mzi;}g:i?: dq2 y [em, wy, wp, wy, woE weighting AFolth

gan T T asd e, aed ARRRE G2 BAYeRA
A8k u]48  F %3 (unconstrained nonlinear

fo

a9 3 99 AR G473,
Fig. 3. Amplitude and phase specifications of a
filter.
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Fig. 4. CAD flow chart of the SAW filter design.
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Table 1. Amplitude and phase specification for TV

IF design.
Specifications
Fre?;he)ncy Lower Nom. Upper
' @ | @ | (@B
39775 800 | 600 | -
a5 T170 | C150 | -130
475 90 | -80 | -70
217 4 | 30 | 20
. 250 Z40 | 930 | <20
Amplitude 755 30 | 20 | 10
Response ™ 0 00 00 | 00
500 15 | 10 | -05
575 60 | 50 | -40
675 7130 | -115 | -105
475 800 | 600 | -
Group 2050 200 | 00 | 200
Delay 4125 2800 | 3000 | 3200
420 200 | 00 | 200
Response ™6 55 200 | 00 | 200

% gelo HA 44

5
Unapodized®d 9% IDTY AZ57 ME A% A
WA EY Fue w, s 459 235 w o A8
W
w, = 'M
2 93y ¢ on" g5l e Fio=
weE w,— w0 BLET, NTSC TV IF DEo A&
w, 27174 _
M =0, = x(@.%5-135 464

7 slojok @t 94 DT
3 E3eol Fopx
JECIES

Agr) olue g8 A
3, BRgEasg g4 AR
DTN ZHE 548 £ 93, 21 4
7 WE How Algledel A4 Hag 4" IDT
9 A 452 TN NTSC TV IF ZH9
EY Fob5 3970W 47254 22491 39639} 47.36
ol ERE HAY 4 9orng B AFqMe g4

DT A BHNE ZARs

oA
aTE

A~

aTE

£, 29 IDTY A5 Nt dolddZo o4
W,

N> BWy

2 FofAn ™ o714 Bwr e
th. NTSC TV IF9] ol BWr = 47.25—46
=1.25W2 A% & gon ol N& 1397
o Fdidel Mo @ E(ripple)e THstd 28 DT

Leo] oo Eol

9%

ol 4ol

o AF5E 19902 R

HHRAE Zol7] H RE A3 AR 2
(aperture) W, o th¥t Fresnel d€ujo 91X A# o}
goz ug 24¢ wEsop gp
AZIM W, & IDTS AFE Zoxm, L[, & HEd
AA Holojrt. & *EMH 244 Zee 8 DTy
Fol 11254012, 4 IDTY Heolrt 48401, ¢4H
DTS FA 1%’“*}0194 A, AT £ ZAA
33 29 IDTY| 40| 540lm2 /7R 22 184
ojgold fo 2HUE WHled B AFME 304
2 3

SoA &g AA AN AITEE AHgsd

..85~.



a:zo}ml alolo}xo}%slwi a9 62
Ad ZHY wpaz o ojopgoltt

{4

o
in

!

Amplitude

&

< .
L
=3
@

(=]

&
B
Phase [degree}

Ampitude {dB}

Phass I

£
R

3 38 40 42 44 46 4B B0 52
Frequency {MHz]

£ Arg Fos B4
Frequency response of a SAW filter.

4 1ITA R TEROAREDAM -

2% 6 ¥HS3 e vhaa #Hojopd,
Figure 6. Mask layout of SAW filter.

6.2 B
g9 Fi5 S4¢ e EWSH ¥yl A4
A% Zeade Apwste A4 3 a715 e TV
3 AAsta, dojob st AA

-
j=
=
2,
ol
-
o
bl R

#agd

[1] C. K. Campbell “Applications of Surface
Acoustic and Shallow Bulk Acoustic Wave

Proc. of the IEEE, vol. 71, no. 10,
pp. 1453-1483, Oct. 1980,

(2] C. C. W. Ruppel,
Consumer Communication Applications,”

Devices,”

‘SAW Devices for

IEEE
Trans. Ultrason. Ferroelectr. Freq. Contr., vol.
40, no. 5, pp. 438-452, Sep. 1993.

[3] A. V. Oppenheim and R. W. Schafer, Digital
Signal Processing, Prentice-Hall, Inc., Englewood
Cliffs, N.J., pp. 239-251, 1975.

(4] E. C. Ifeacher and B. W. Jervis, Digital Signal
Processing: A Practical Approach, Addison-
Wesley Publishing Company Inc., 1993.

51 R. L. Miller and A. ]. DeVries, “A Simple
“Building Block”™ Method for Design of SAW
Filters Having Non-Linear Phase Response,”
Proc 1976 Ultrason. Symp., pp. 553-557, 1976.

(6] T. Kodama, “Optimization Techniques for SAW
Filter Design,” 1979 Ultrasonics Symposium,
pp. 522-526, 1979

[71 A. S. Rukhlenko, and Suboptimal
Design of SAW Bandpass Filters Using the

IEEE Trans.
Ultrason., Ferrorelec, Freq. Contr., vol. 40, no.
5, pp. 453-458, Sep. 1993.

[8] T. L. Szabo, K. R. Laker, and E. Cohen,
“Interdigital Transducer Models: Their Impact
on ‘Filter IEEE  Trans.
Ultrason., vol. 26, no. 5, pp. 321-333, 1979,

(91 H. Matthews, ed, Surface Wave Filters, John
Wiley & Sons, New York, 1977.

(10] B. J. Hunsinger and R. J. Kansy, “SAW Filter
Sampling Technique,” IEEE Trans.
Ultrason., vol. 22, no. 4, pp. 270-273, 1975.

[11} C. Lawrence, J. L. Zhou, and A. L. Tits, User’s
Guide for CFSQP Version 2.2, University of
Maryland, 1995.

[12) A V. Oppenheim and R. W. Schafer, Digital
Signal Processing, Prentice-Hall, Inc., Englewood

et al,

*Optimal

Remez Exchange Algorithm,”

Synthesis,”

Son.

Son.,



Yojsl FAs HHE 2

Cliffs, N.J., Chaper 4, 1975.
[13] S. Datta, Surface Acoustic Wave Devices,
Prentice-Hall, Inc., Englewood Cliffs, 1986.

-
DI 3
19693 3¥ 3¥4. 1992 2¢
RS Qg 23
Ab. 19943 2¥ ZAEdEz W
4 AATHH FHTHAA,

1994d 3¢ ~ ¥4 ZEdga
gy AAbe st BAbay F
A Fok AR AA, ohdrn A AFd 38 S
3 ZH.

&9
1965 249 23445 1991d 8¥
Aedsta 343 F(F
A 19949 29 A= st ojst
9 AATHH FAFLAA.
19949 3¢ ~ A AR
Yot AAFEY BATY, £

4 Bop gAdz 44 A% S44E ¥dzz A

E EYes geel 3% 4 7

(14] G. S. Kino, Acoustic Waves: Devices, Imaging,
and Analog Signal Processing, Prentice-Hall,
Inc., 1987.

4
1958 29 1244 180d A%
HEn HAFEd EG(FEA.

19824 %%ﬂ@ﬂ%% A7 g

.
A7 3R Ras
3

7“7~4§Ji M;ﬂ a}}_;ﬂ )\Z]- zd

__87.<



